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Candida albicans is a pathogenic dimorphic fungus which is invariably found as a
diploid in patients. C. albicans secretes the sesquiterpene farnesol both as a quorum
sensing molecule which blocks the yeast to hypha conversion and as a virulence
factor for pathogenicity. 20-25 μM farnesol kills other competing yeasts and fungi,
often by triggering apoptosis, and yet wild type diploid C. albicans tolerates 300-500
μM farnesol. The recent availability of 10 haploid strains of C. albicans (5 mating
type aand 5 mating type α) allowed us to compare their production of and sensitivity
to farnesol. On average, the heterozygous diploid strains of C. albicans were 2.4
times more resistant to 20-40 μM farnesol than MTLa haploid cells and 4.6 times
more resistant than MTLα haploid cells. Furthermore, the MTLa haploids produce
approximately 10 times more farnesol than do the MTLα haploids. Prior work
concluded that haploid strains exhibited such low fitness that C. albicans was
thought to be an obligate diploid. We now suggest that increased farnesol secretion
by the MTLa haploids and increased farnesol sensitivity of the MTLα haploids is a
mechanism for maintaining the dominant heterozygous diploid status of C.
albicans. This idea is based on the observation that the a-factor peptide pheromone
is farnesylated but the α-factor pheromone is not farnesylated. Our working
hypothesis is that farnesol is secreted in part via Ste6 and imported in part via
Ste3, the proteins which export and import the farnesylated a-pheromone. We also
examined whether farnesol was excreted in extracellular vesicles.
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Farnesol Sensitivity

Method: Gas Chromatography
Heterozygous Diploid: SC5314

1-Tetradecanol

Candida albicans is a pathogenic dimorphic fungus which is invariably found as a diploid
in patients. C. albicans secretes the sesquiterpene farnesol both as a quorum sensing
molecule which blocks the yeast to hypha conversion and as a virulence factor for
pathogenicity. 20-25 µM farnesol kills other competing yeasts and fungi, often by
triggering apoptosis, and yet wild type diploid C. albicans tolerates 300-500 µM
farnesol. The recent availability of 10 haploid strains of C. albicans (5 mating type a and 5
mating type α) allowed us to compare their production of and sensitivity to farnesol. On
average, the heterozygous diploid strains of C. albicans were 2.4 times more resistant to
20-40 µM farnesol than MTLa haploid cells and 4.6 times more resistant than MTLα
haploid cells. Furthermore, the MTLa haploids produce approximately 10 times more
farnesol than do the MTLα haploids. Prior work concluded that haploid strains exhibited
such low fitness that C. albicans was thought to be an obligate diploid. We now suggest
that increased farnesol secretion by the MTLa haploids and increased farnesol sensitivity
of the MTLα haploids is a mechanism for maintaining the dominant heterozygous diploid
status of C. albicans. This idea is based on the observation that the a-factor peptide
pheromone is farnesylated but the α-factor pheromone is not farnesylated. Our working
hypothesis is that farnesol is secreted in part via Ste6 and imported in part via Ste3, the
proteins which export and import the farnesylated a-pheromone. We also examined
whether farnesol was excreted in extracellular vesicles.

Farnesol Secretion

Farnesol

Abstract

A. Representative SSC/FSC plot demonstrating P1 population gated to exclude sample debris from analysis. B. Setup of cell death histogram gates
using a non-treated sample (PI neg. control) and heat killed sample (PI pos. control). C. No stain, single probe, and double probe controls for cell
death (PI) and cell vitality (CFDA,AM) to ensure correct volume of cells was used to prevent non-stained cells biasing results.

Method: Flow Cytometry with CFDA, AM and PI probes.
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a-factor pheromone
is farnesylated. The
α-factor pheromone
is not farnesylated.

Questions

*Modified from

Question: How does farnesol get in and out of cell?
• Diffusion – farnesol is lipophilic
• Protein transporters
Hypothesis: Farnesol is secreted in part via Ste6 and
imported in part via Ste3, which imports the a
pheromone into α cells.

Haploid cell lines isolated (Hickman et al
Nature 2013) – Judy Berman’s lab
Anna Selmecki lab produced ΔSte6 strains.

Conclusions:
1. Farnesol secretion is
dependent upon mating type
• MTLa > Heterozygous
Diploid > MTLα
• MTLa roughly 10-fold >
MTLα
2. Farnesol secretion is
independent of ploidy
3. ΔSte6 reduces farnesol
secretion of YJB12881 by
approximately 40% → multiple
methods of farnesol secretion.

Conclusions:
1. Haploids more sensitive to farnesol than diploids for
both Candida and Saccharomyces.
2. MTLα more sensitive to farnesol than MTLa
3. Saccharomyces more sensitive than Candida.
4. Farnesol sensitivity is dependent upon mating type.

Assuming that Candida albicans and Saccharomyces
cerevisiae diverged 60 MYA, when did C. albicans first
secrete high levels of farnesol and does that time
coincide with C. albicans becoming predominantly
diploid?
• Does C. albicans have to be diploid to enable it to use
farnesol as a QSM, or as a virulence factor?
• If ΔSte6 reduces farnesol secretion by 40%, is the
remaining secretion due to diffusion?

